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As the needle is moved back and forth it varies the area of the
opening and thus varies the amount of water discharged. The
coefficient of velocity is a maximum when the nozzle is wide
open but it does not decrease very seriously for the smaller nozzle
openings. (See Fig. 89.) Thus the velocity of the jet is very
nearly the same for all values of .discharge. The efficiency of a
well-constructed needle nozzle is very high, being from 95 to 98
per cent.1 The needle nozzle is nearly ideal for economy of water
but may not always permit close speed regulation. If the pipe
line is not too long, the velocity of flow low, and the changes of
load small and gradual, the.needle nozzle may be very satis-
factory. In case it is used the penstock is usually provided with
a standpipe or a surge tank.
If the pipe line is long, the velocity of flow high, and the changes
of load severe, dangerous water hammer might be set up if the
discharge were changed too quickly. It might therefore be
difficult to secure close speed regulation with the needle nozzle
as the governors would have to act slowly. The deflecting nozzle,
shown in Fig. 7, page 8, is much .used for such cases. The
nozzle is made with a ball-and-socket joint so that the entire jet
can be deflected below the wheel if necessary. The governor
sets the nozzle in such a position that just enough water strikes
the buckets to supply the power demanded. The rest of the
water passes below the buckets and is wasted. Since there is no
change in the flow in the pipe line the governor may accomplish
any degree of speed regulation desired as there is little limit to
the rapidity with which the jet may be deflected. Such a nozzle
is usually provided with a needle also which is regulated by hand.
Fig. 27 is really of this type. In another type the body of the
nozzle is stationary and only the tip is moved. The needle
stem must be equipped with a guide in this moving part and
also be fitted with a universal joint so that the needle point may
always remain in the center of the jet. The station attendant
sets the needle from time to time according to the load that he
expects to carry. However, the device is wasteful of water
unless carefully watched. If other water rights prevent the flow
of a stream from being interfered with it may be satisfactory.
In some modern plants the operator can control the position
of the needle from the switchboard and by careful attention very
1W. E. Eckart, Jr., Inst. of Mechi Eng. (London), Jan. 7, 1910.
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